In heterogeneous (electro)catalysis, the overall catalytic output results from responses of surface sites with different catalytic activities, and their discrimination in terms of what specific site is responsible for a given activity is not an easy task. Here, we use the electrooxidation of CO as a probe reaction to access the catalytic activity of different sites on high Miller index stepped Pt surfaces with their {110} steps selectively modified by Ru at different coverage. Data from in situ FTIR spectroscopy and cyclic voltammetry evidence that Ru deposited on {110} steps modifies the surface in a non-trivial way, only favoring the electrocatalytic oxidation of CO over {111} terraces. Moreover, these {111} terraces become catalytically active throughout a large potential window. On the other hand, after the deposition of Ru on {110} steps, the partial oxidation of a CO adlayer (by stripping voltammetry and in situ FTIR potential steps) show that those {110} steps that remain free of Ru seem to be not influenced by the presence of this metal. As a result, the remaining CO adlayer is oxidized on these Ru-free {110} steps at potentials identical to those observed in steps of pure stepped Pt surfaces (in absence of Ru). Firstly, these This is a previous version of the article published in ACS Catalysis. 2016, 6(5): 2997-3007. doi:10.1021/acscatal.6b00439 2 findings suggest that COads behaves as a motionless species during its oxidation. Secondly, they evidence that the impact caused by the presence of Ru in the catalytic activity of Pt(s)-[(n-1)(111)×(110)] stepped surfaces depends on the crystallographic orientation of Pt sites. These results help us to shed new light about the role of Ru in the mechanism of oxidation of CO and allow a deeper understanding regarding the CO tolerance in Pt-Ru catalysts.
Introduction
The electro-oxidation of CO on pure Pt and Pt-based catalysts is a prototypical reaction widely studied due to its pertinence for both polymer electrolyte and direct alcohol fuel cells. 1, 2 In electrocatalysis, two metallic surfaces based on combinations of Pt and Ru are still recognized to be promising catalysts for both fuel cells. 3, 4 From an historical viewpoint, the deep impact coming from Ru in electrocatalysis of methanol electro-oxidation on Pt-Ru electrodes was reported in a review by Bockris and Wroblowa more than fifty years ago. 5 This subject has received renewed attention over the years, but the elucidation of the synergetic effect existent in Pt-Ru (and Pt in combination with other metals) to explain its catalytic enhancements, for instance, for oxidation of hydrogen poisoned by CO, is not exactly clear. 6 The understanding on the underlying mechanism in the catalytic activity enhancement of Pt by Ru for reactions involving CO in any step pathway might shed light on the opportunity to design efficient catalysts for fuel cells operating with H2 containing traces of CO as impurity, 7 so that models have been developed to explain the synergism between these metals.
Methanol dissociatively adsorbs on Pt likely originating HCOads species, 8, 9 whose oxidation to CO2 requires oxygen from water molecules. Based on this proposition, Watanabe and Motoo 10 rationalized the superior catalytic performance of Pt-Ru in terms of the intrinsic Ru ability to promote the water oxidation step (H2O ⇄ OHads + H + + e -) at low potentials, something that, according to this proposition, Pt is not able to do.
According to the so-called bifunctional mechanism at the interface of Pt-Ru each metal in surface should act as responsible for the promotion of different steps in the overall reaction. [10] [11] [12] This model has been complemented by an electronic effect (ligand effect). 13, 14 Accordingly, Ru produces perturbations in the energy of the surface d-band of Pt, 13, 15 which can result in modifications on both the strength of Pt-(CO) bond and the activation energy of reaction, in such a way that on Pt surfaces modified by Ru, Pt-(CO) might be easily oxidized to CO2 at potentials lower than those required in Pt alone. 14 Besides electronic effects, it is well known that the attachment of foreign atoms to a substrate can also induce changes in the catalytic properties of the substrate, once different equilibrium positions are attained due to strains in lattice constant provoked by these foreign atoms, [16] [17] [18] in which both electronic and strain effects are expected to operate simultaneously. 19 The combined action of bifunctional mechanism and electronic effect has been proposed to explain the role of Pt-Ru during CO electro-oxidation, 13 but the bifunctional mechanism is still the predominant model to explain the behavior of such systems. 1, 11, 12, [20] [21] [22] The bifunctional mechanism requires that during CO electro-oxidation the limiting step reaction at low overpotentials is a bimolecular collision between neighboring Pt κ -(CO) and an activated Ru γ -(H2O) species at a threshold potential via a LangmuirHinshelwood mechanism, being the formation of the last species promoted on Ru domains. For CO oxidation on a Pt-Ru electrode, it means that Ru domains must act as centers for nucleation of oxygen-containing species, and the occurrence of the bifunctional mechanism requires COads diffusion from Pt domains to active Pt sites near Ru sites. Specifically regarding a CO stripping experiment on Pt-Ru surfaces (in which there is no external supply of CO to the surface), in the potential window of CO oxidation, it would be expected that the supply of COads to the "active sites" be secured via COads diffusion from any Pt sites to those in the Ru surroundings. Conversely, multiple CO stripping peaks would be expected during a voltammetric stripping of CO. In this sense, in absence of anion adsorption in acid solution, the overall CO electro-oxidation at the perimeter of Pt and Ru domains at "lower potentials" should be formally written as: [22] [23] [24] Ptκ-(CO) + Ruγ-(H2O) → CO2 + κPt + γRu + 2H + + 2e -
also at "lower potentials" on Ru domains, the overall reaction is: 23 Ru∝-(CO) + Ruγ-(H2O) → CO2 + (∝ + γ)Ru + 2H + + 2e -
On the other hand, no matter if CO is adsorbed on step or terrace sites, the oxidation of COads on Pt sites far from Ruγ-(H2O) has been conceived to occur only at "higher" electrode potentials, 23, 24 which in such case would be the oxidation of CO on {111}
terraces (denoted as PtT). Under this condition, the overall reaction should be formally written as: 23, 24 PtT-(CO) + PtT-(H2O) → CO2 + 2PtT + 2H + + 2e -
Experiments in order to check all these hypotheses require well-structured catalysts Step ) on stepped Pt surfaces was calculated as:
Ru
Step ≃ 
where H S,0 and H S,Ru refer to the hydrogen desorption charge densities from steps in Pt clean and after the deposition of Ru, respectively.
To remove deposited Ru from Pt surface, the Pt crystal was wet in concentrated nitric acid, and then it was heated in a butane/air flame until the nitric acid "exploded" on the surface. The procedure was repeated about ten times. Then, the Pt crystal was flame annealed and cooled down as described before, and cyclic voltammograms were collected to confirm the complete removal of Ru. (pointing up) in spectra mean that species were formed into the thin layer, while negative ones (pointing down) refer to species that were consumed or diffused out from the thin layer. All experiments were made by employing a p-polarized radiation which allows to detect IR active species both at the electrode surface and dissolved into the thin layer, 47 according to the surface selection rule. 48, 49 Electrode potentials were controlled by using a waveform generator (EG&G PARC 175) together with a potentiostat (Amel 551) and a digital recorder (eDAC ED 401). All the experiments were carried out at room temperature (25 o C). and 1D, hydrogen desorption/adsorption at {110} steps is the feature affected by Ru deposition. Based on this finding, it is reasonable to affirm that Ru deposits preferentially at the steps, leaving {111} terraces completely free, as previously reported either by electrochemical deposition 41, 43 or sputtering deposition under UHV environments. 43 For Pt(554), the original charge density (in absence of Ru, denoted as Ru Step = 0.00, black line) under the feature peak at ~0.128 V was of about 28.9 µC cm -2 . As Ru deposits on Pt steps, the magnitude of this feature gradually decreases. In red the curve, the remaining charge density was of ~18 µC cm -2 , which allows us to estimate the fraction of steps covered by
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Ru as Ru
Step ≃ 0.38. After a further Ru deposition (blue line), the remaining charge density decreases to ~10 µC cm -2 , and the fraction of Pt steps covered by Ru was Ru
Step ≃ 0.65.
In last case, the profile of electric double layer (from ~0.35 V up to ~0.65 V) appears considerably disrupted, suggesting that adsorbed Ru undergoes oxygen adsorptive reactions.
For Pt(332), the charge density under the peak centered at ~0.128 V was of 49.9 µC cm -2 in absence of Ru ( Ru Step = 0.00 -black line). After Ru deposition, this charge decreases to ~39.1 µC cm -2 and 32.3 µC cm -2 resulting in Ru
Step of about 0.22 and 0.35, respectively. On both surfaces, the general trend is the deposition of Ru preferentially at Pt steps. Only after these sites being fully covered, the occupancy of terraces clearly starts (See Figure SI 1 ).
Catalytic Activity towards the Electro-Oxidation of CO without Assignment of Active Sites
Figure 2 displays cyclic voltammetries for the CO oxidation on unmodified and Rumodified stepped Pt surfaces correspondent to that shown in Figure 1 . In these experiments, the electrode potential was kept at 0.100 V, and a saturated CO adlayer was formed as described in section 2. After Ar purging, the CO adlayer was oxidized at once by sweeping the electrode potential from 0.060 V to 0.800 V.
For pure Pt(554) (black lines in Figures 2A or 2B ), CO oxidation abruptly starts at ~0.72 V and a single oxidation peak appears at ~0.76 V. The exact potential in which CO oxidation starts will be further examined by in situ FTIR, which is a better technique for this purpose. In Figure 2 the CO pre-oxidation was prevented by controlling the time for replacing the solution CO by Ar, as discussed in a previous publication. 51 Step ≃ 1.0, the potential window for CO oxidation is also very narrow, but a small shoulder persists at ~0.7 V, which can be attributed to the predominance of currents from the formation of Ru oxide/hydroxide. Only for qualitative purposes, we have also estimated the global charge (i.e., the uncorrected charge that includes those currents arising from events taking place to restore the double layer region) of the stripping voltammetry. For Ru coverage of 0.38 and 0.65, the uncorrected charges of CO stripping (integrated from 0.300 V to 0.800 V) were ~443 ± 3 μC cm -2 ; while for
Ru
Step ≃ 1.0, the global charge was ~532 ± 15 μC cm CO peaks also appear in Ru-modified Pt(332) surfaces. The CO oxidation wave also consists of multiple oxidation peaks and peak 1 also becomes more prominent as Ru coverage increased to Ru
Step ≃ 1.0. For Ru
Step 0.22 and 0.35 the uncorrected charge of CO stripping (0.300 V -0.800 V) was of 431 ± 6 μC cm -2 , while for Ru
Step ≃ 1.0, it was of ~585 μC cm -2 . The reasons for the high charge density and higher uncertainty of CO oxidation charge at high Ru coverage are the same already discussed for Pt(554).
Figure 3 compares CO stripping on both Pt(554) and Pt(332) having similar Ru coverage on Pt steps. On Ru-modified Pt(332), the CO oxidation starts abruptly about 50 mV earlier than on Ru-modified Pt(554). The shift in the onset potential for CO oxidation might be attributed to the width of the {111} terraces. This trend was confirmed by us using a Ru-modified Pt(331) ( Figure SI 2) , on which the potential of CO oxidation was lower than on Pt(554) and on Pt(332). Finally, on both surfaces CO oxidation persists at high potentials (~0.75 V).
Catalytic Activity Assignment of Terraces and Steps by Voltammetry During the
Stripping of a Partial CO Adlayer Figure 4 shows partial oxidation of a saturated CO adlayer on Ru-modified stepped Pt surfaces. Here, the formation of CO adlayer and elimination of non-adsorbed CO were done as above. However, the upper potentials were controlled to secure that the CO adlayer was oxidized portion by portion, instead of at once. Thus, starting with a complete CO adlayer on Pt(554) modified by Ru
Step ≃ 0.38 ( Figure 4A ), in the first cycle (red line), the electrode potential was swept up to 0.620 V, and then it was stepped back to 0.100 V, before the re-start of the sweep. At the end of each partial stripping excursion, the electrode potential was always stepped back to 0.100 V. The currents of the second cycle (blue line) show that those sites available for hydrogen desorption after the first cycle were exclusively {111} terraces. Subsequent cycles continue releasing only {111} terrace sites, and only at the 5 th cycle (olive line), Pt step sites become free. Then the CO electrooxidation peak appears at ~0.72 V. The oxidation peak at ~0.72 V is assigned to the oxidation of COads on the step sites which remained free from Ru (i.e., Ru has never been adsorbed on these particular sites). This figure also displays a voltammetric sweep for the complete CO adlayer oxidation in a single sweep (black line). As can be seen in Figure   4A , contributions of peaks 1 and 2 (as designated in Figure 2 ) are exclusively due to the CO oxidation over {111} terraces, while peak 3 is due to the CO oxidation on both terraces and steps. It is important to clarify that by cyclic voltammetry we cannot know if the contribution from CO oxidation on Ru sites develops in processes 1, 2 or 3. This issue will be discussed after in situ FTIR experiments (and will be addressed in the next section).
The observations done for Ru-modified Pt(554) in Figure 4A can be extrapolated to the CO electro-oxidation on Ru-modified Pt(332) shown in Figure 4B , in which Ru
Step ≃ 0.35. That means that ~65 % of {110} Pt steps were free for CO adsorption without being previously modified by Ru adsorption. As in Figure 4A , at the end of CO adlayer oxidation, the peak of CO oxidation at steps grows only at ~0.72 V (olive line).
Intrinsic Catalytic Activity at (110) Pt Steps Modified and non-Modified by Ru
First, in this work, we will define intrinsic catalytic activity at {110} Pt steps as the catalytic activity toward CO oxidation when {111} terraces were completely free of CO.
In this case, it is possible to perform comparisons between potentials required for CO oxidation on pure Pt steps (before Ru adsorption) and those Pt step sites that remain free after the surface being modified by Ru (hereafter designed as "remaining Pt steps"). Thus, in order to record the experiments shown in Figure 5 , a CO adlayer was formed on each surface (Ru-modified or not) and then it was voltammetrically stripped from the terraces until COads remained only in Pt step sites. Figure 5 compares CO oxidation on Pt steps of Pt(554) surfaces at two conditions: (1) pure Pt steps, i.e., Pt steps in stepped surfaces that have not being modified by Ru; (2) remaining Pt steps. As can be seen in Figure 5 , the potentials in which CO oxidation starts at Pt steps (no matter if it they had or not Ru as neighbor) are essentially identical (~0.66 V). The oxidation develops a peak at ~0.72 V and ends at ~0.76 V for all cases.
From Figure 5 we can see that for pure Pt steps (black line), there are sites free for hydrogen desorption even before CO being oxidized (peak at ~0.13 V), which means that although the CO coverage at pure {110} Pt steps is not complete, the corresponding CO oxidation charge during the stripping was higher (charge over the peak at ~0.72 V). Such apparent discrepancy suggests that the COads which persisted until 0.72 V was that adsorbed in the remaining Pt steps, and not the one adsorbed on Ru sites. Such behavior is expected since "pure" Ru is highly catalytic towards CO electro-oxidation. 
Catalytic Activity Assignment of Terraces and Steps by in situ FTIR Spectroscopy
CO electro-oxidation on pure and Ru-modified stepped Pt surfaces was studied by in situ FTIR spectroscopy. Figure 6 shows spectra for CO on pure Pt(332). To record this experiment, the electrode potential was kept at 0.100 V and CO was bubbled into the solution for 3 min. Next, non-adsorbed CO was replaced by Ar gas (12 min of purge).
Spectra in Figure 6B show wavenumbers ranging from 1750 to 2230 cm -1 for a complete CO adlayer. Spectra exhibit two potential-dependent CO bands. ) on {111} terraces. Both CO bands survive until about 0.60 V (blue line), after which they disappear due to the oxidation of the CO adlayer. Figure 6A shows the stretch vibration of CO2 band (2343 cm -1 ) for various potentials for the same experiment shown in Figure 6B . We note that the formation of CO2 starts at ~0.50 V. Figure 6C displays spectra for CO adsorbed only on {110} Pt steps of a Pt (332) surface. In this experiment, the CO adlayer was formed and non-adsorbed CO was eliminated from solution as described before. Then, the CO adsorbed on {111} Pt terraces was voltammetrically eliminated by controlling the upper potential limit, in order to maintain the population of adsorbed CO on Pt steps intact. Spectra in Figure 6C exhibit a single potential-dependent band, which is attributed to CO L on {110} Pt steps. For instance, at 0.150 V (red line) in Figure 6C , the band appears in 2024 cm -1 , i.e., it appears red shifted by about 40 cm -1 in comparison to the CO L band at full coverage shown in Figure 6B . In Figure 6B , the band due to CO at Pt steps was fully invisible due to dipoledipole coupling effect, in which the phenomenon of intensity transfer occurs to higher frequency at the expenses of lower one. 53,54 Also, the CO B band is absent in Figure 6C , confirming that {110} Pt steps do not adsorb CO B , as previously shown. 55 Figure 6B also shows that the potential-dependent frequency for CO L is not linear in all the potential range. Namely, after 0.50 V, the CO L frequency decreases and at 0.60 V it becomes identical to the band-frequency for CO L at Pt steps ( Figure 6C , same potential). These spectroscopic findings strongly support the hypothesis that the CO on Pt step sites only oxidizes after all CO molecules on Pt terraces were fully oxidized.
From Figure 6B 
for CO on Pt steps has been reported, 57, 58 but the origin of this behavior is not fully understood yet.
Figures 7 and 8 show spectra collected during the electro-oxidation of a complete CO adlayer on a Pt(332) surface with their {110} Pt steps partially modified by Ru at two different coverage. In both cases, a CO adlayer was formed and the subsequent protocol was similar to that already described. In Figure 7B , ( Ru Step ≃ 0.58), spectra show that CO L band frequency has two ranges of potential-dependence, which is similar to the behavior observed in Figure 6B for the same potentials. Figure 7A shows the CO2 band as a function of the potential. In this case, on Ru-modified Pt(332), the CO2 formation starts at ~0.40 V, which is about 0.1 V lower than on pure Pt(332) shown in Figure 6A . The band for CO B in Figure 7B is very small. Screening of the IR band of bridge bonded CO has been reported for epitaxial Cu on Pt(111) under ultra-high vacuum environment. 59 It is worth noting in Figure 7B that at the end of CO adlayer oxidation, the CO frequency presents a red shift that is characteristic of CO in Pt steps, resulting in a CO band frequency similar to that shown in Figure 6C for the same potential. This is spectroscopic evidence that the CO adsorbed at remaining Pt steps is oxidized only after all CO on {111} Pt terraces is converted into CO2, in perfect agreement with data shown in Figure   5 . From Figure 7B , the slope of dυ(C-O) L /dE is ~33 cm -1 V -1 , which is very similar to that measured for CO on pure Pt(332) shown in Figure 6 .
For higher Ru coverage ( Figure 8B) 14 The potential at which CO2 formation starts is ~0.30 V (Figure 8A) , that is ~0.1 V lower in comparison to the experiment depicted in Figure 7A .
Only when the total Ru coverage is high, the band at ~1984 cm -1 emerges. One reason why this band is not observed in spectra in Figure 7B ( Figure   9 ). At the end of CO oxidation (spectra at 0.400 V and 0.450 V in Figure 8 ), bands at at Pt sites compared to the pure Pt(111) crystal. In our case, a similar trend can be seen in Figure 7B when compared to Figure 6B .
From data shown in Figure 8B, (blue line - Figure 10B ) is due to the linearly bonded CO at the remaining Pt steps. In case of full CO adlayer (dark cyan line), the CO band remains almost intact, due to the low catalytic activity of pure Pt at 0.500 V.
General Discussion
Influence of Ru Decoration
The deposition of Ru from a diluted Ru(III) solution (~1.4×10 -5 M -low rate of mass transport) on the family of Pt(s)-[(n-1)(111)×(110)] stepped surfaces preferentially starts on Pt steps, as can be inferred from the pattern evolution of cyclic voltammetry in hydrogen region ( Figures 1B and 1D ). This finding is in perfect agreement with data reported earlier. 41, 43 Moreover, Ru deposition on the terraces starts only when steps are completely occupied. Similar to the UHV environments, 43 in view of such preferential stepped surfaces, Chen et al. 69 found that the irreversible blockage of their steps either by
Te or Bi hinders the catalytic activity of the modified surfaces. Namely, the poisoning effect observed by Chen et al. 69 on {111} Pt terraces (the onset potential for CO electrooxidation shifts to more positive potentials) suggests that when Te or Bi fully block {110}
Pt steps, the modified stepped surface presents catalytic activity like a Pt(111) single crystal. 69 In this occasion, those authors assumed that steps/kinks were the most active sites. On the other hand, the modification of steps in Pt stepped surfaces either by adatoms as Ru, Mo, or Sn boosts the catalytic activity toward CO electro-oxidation. 40 These results suggest different and non-trivial mechanism played by ad-atoms in modifications of the catalytic activity on {111} Pt terraces in these electrodes. Unfortunately, the structure of these ad-atoms on Pt steps of Pt stepped surfaces is not studied yet.
Here, {111} Pt terraces become catalytically more active once their steps are decorated by Ru simultaneously to the "variation" of site activity when the surface becomes more heterogeneous. That is, the reaction begins to take place into a wide overpotential window (∆η). For instance, for Pt(554) in Figures 2-3 Figure 2 shows that CO oxidation current densities in peak 1 increase as the Ru coverage (on Pt steps) grows. When Pt steps become fully covered by Ru, the oxidation of CO occurs essentially in peak 1 (which turns into a narrow single peak, ∆E ≃ 70 mV, Figure 2 , blue line). Such behavior suggests that the catalytic activity grows uniform at long of {111} Pt terraces as the steps are increasingly covered by Ru.
Thus, such changing (and tailoring) in the catalytic activity over {111} Pt terraces induced by distant rows of Ru on Pt steps strongly suggests that a long-range effect could act over {111} Pt terraces free of Ru (provoked by either the strain character and/or the ligand effect). Also, Figure 3 (and Figure SI 2 ) evidence that the extent by which Ru (on steps)
affects the catalytic activity of {111} Pt terraces depends on the width of these terraces.
Summarizing, the change in catalytic reactivity over {111} Pt terraces seems to be due to an additional change in the magnitude in dipole moment associated to the steps after Ru deposition on Pt steps (PtRustep) combined with the {111} Pt terrace width. PtRustep seems to modify the catalytic features of {111} Pt terraces even when they are away from rows of Ru-modified steps. The observations discussed before make clear that the catalytic enhancement of PtRu systems cannot be fully explained based on the traditional bifunctional mechanism, at least for CO stripping, as will be deeper discussed next.
Mechanistic Considerations
As already highlighted in the introduction, during the stripping of CO, the assumption of the traditional bifunctional mechanism implies in a high CO mobility on the surface from any Pt site to the periphery of Ru islands, since this model assumes the most active sites are located in the PtRu interface. However, experiments depicted in 31, 32 proposed that the mere presence of Pt in the immediate surroundings of Ru cannot explain the expressive catalytic enhancement for CO bulk oxidation at low potentials. These authors suggested that for Pt deposited on Ru(0001) surfaces, the most active sites likely lie on {0001} Ru terraces rather than at the RuPt interface. Our data shows that for higher Ru coverage (Ru also on Pt terraces), CO on Ru sites as well as CO on {111} Pt terraces are oxidized concurrently ( Figure 9 ). Our data neither rule out nor corroborate the hypothesis that PtRu interfaces are the most catalytic ones, but they convincingly show that PtRusteps and remaining Ptsteps are little catalytic active for CO oxidation ( Figures 5 and 7 Figure 4 evidence that after partial oxidation of a CO adlayer, on a Ru partially modified Pt step, the sites released in the first voltammetric cycles apparently were not reoccupied by the remaining CO molecules on surface. This finding means that those molecules behave like motionless species during its oxidation, at least in the time scale of our experiments. Therefore, the sub-adlayer of COads seems to behave strictly as a catalytic poison. The apparent absence of CO mobility during its oxidation has a deep implication in the classic bifunctional mean-field mechanism, i.e., the bifunctional mechanism fails to explain the features observed during CO stripping experiments on the catalysts used in this work.
In a previous work, the apparent CO immobility on Ru modified Pt(111) has been attributed to the strong adsorption energy of sulfate/bisulfate. 24 However, we found the same apparent immobility during the oxidation of CO on Pt stepped surfaces in perchloric acid, whose anions are recognized by not being specifically adsorbed 75 or weakly adsorbed on {111} Pt facets. 76 This finding points out that the apparent immobility of CO during its oxidation cannot be explained on the basis of a strong competing adsorption of anions 24 or assuming OHads as a barrier for COads diffusion. 30 Regarding a possible electronic effect from Ru to the Pt sites, Baltruschat et al. 36 proposed that the enthalpy of adsorption in the neighborhood of Ru is increased, and this might have implications to supply COads via diffusion from any sites to the neighboring of Ru sites, which has been proposed to be unfavorable by DFT calculation by Koper et al.. 29 About this topic, in view of both phenomena, i.e., the surface sites hierarchy for CO and because COads apparently behaves as a motionless species during its oxidation, we think that data of 
Conclusions
Based on a detailed study of the CO electro-oxidation as an archetypical surface probe reaction, we unravel a number of catalytic properties underlying in Ru-modified well-ordered Pt surfaces:
, the catalytic activity for adsorbed CO oxidation can be decoupled on that of terraces and steps. Ru at {110} Pt steps activates the reaction pathway only over the {111} terraces, and no change was detected in the catalytic activity of Pt steps free of Ru. Therefore, this means that the change in the catalytic activity of Pt sites by Ru at steps depends on the crystallographic orientation of Pt sites. Moreover, because that decoupled process of site releasing, such hierarchy allows an evaluation of the catalytic activity on terrace sites separately from that of the Pt step sites free of Ru.
ii. At both pure Pt stepped surfaces and Rusteps/Pt(hkl), CO behaves as a motionless species during its oxidation, which implies that the bifunctional mean-field mechanism is unable to explain the catalytic enhancement in CO stripping reaction on these Rusteps/Pt(hkl) surfaces. Electronic/strain effects seem more plausible to explain the changes in the catalytic activity observed for (111) Pt terraces of stepped surfaces after Ru deposition on their steps.
iii. On pure Pt stepped surfaces, its catalytic activity toward CO oxidation also occurs decoupled on terraces and steps sites.
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